Neuromyelitis optica (NMO) is an uncommon disease that affects the optic nerves and spinal cord 1 . The recent identification of a specific antibody for aquaporin 4 (AQP4) water channel at the blood-brain barrier in NMO patients (IgG-NMO) makes it the first central nervous system autoimmune channelopathy 2 .
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Little is known about cognitive dysfunction in NMO, its frequency, and its relationship with clinical variables. Blanc et al. 3 reported impairment of attention, speed of information processing, and word generation in NMO patients. Nilsson et al. 4 also found cognitive impairment (CI) in patients diagnosed with isolated optic neuritis (ON) from 24 to 31 years earlier. Finally, He et al. 5 evidenced cognitive alterations in NMO patients after an acute relapse, and encountered an association between neuropsychological performance and routine activities 6 . During the past 20 years, numerous researches have indicated frequent CI in multiple sclerosis (MS) patients. Working memory, attention, verbal fluency, and speed of information processing are often affected [7] [8] [9] . The differences between MS and NMO neuropathology suggest distinct cognitive patterns, but only one previous study compared these patients and found no significant variations in cognitive measures 3 .
The aim of the present study was to describe the cognitive pattern of NMO patients and compare it with that of MS ones, considering pathophysiological mechanisms, diagnostic criteria, evolution, and treatments of these diseases.
METHODS

Participants
Fourteen patients diagnosed with NMO, 14 with relapsing remitting MS (RRMS), and 14 healthy controls were evaluated. Twelve females and 12 males were recruited in all groups. NMO patients were diagnosed in the Neurology Service at the J. M. Ramos Mejia Hospital, Buenos Aires, Argentina. The RRMS patients were selected, considering gender, age, and education to match them with NMO participants: (±) 3 in age and (±) 2 in education. The inclusion or exclusion criteria were: confirmed diagnosis as defined by Wingerchuk' s 10 in the NMO Group, and as by McDonald' s of RRMS; 18 years or older; being in remission period; absence of psychiatric illness; history of alcohol or drug abuse; no physical disability that could impair performance of tests; no uncontrolled systemic disease or that could cause cognitive impairment. Healthy controls without history of neurological disease and mini mental state examination (MMSE) scores >26 were also recruited.
Standard protocol approvals, registrations, and patient consents
This study was approved by the J. M Ramos Mejia Hospital Bioethical Committee, and all participants signed an informed consent.
Outcome measures
Physical disability was measured through the Expanded Disability Status Scale (EDSS) 11 . The Brief Repeatable Battery of Neuropsychology Tests (BRB-N) 12 , translated into Spanish and culturally adapted to this Latin American population 9 , was administered by a trained neuropsychologist. The procedure started with six learning trials from a brief version of the Selective Reminding Test (SRT), from which measures of learning (long-term storage or LTS) and consistency of recall (consistent long-term retrieval or CLTR) were derived. Next, a visual/spatial memory test, the 7/24 Spatial Recall Test, was administered. The Rao version of the Paced Auditory Serial Addition Task (PASAT) was then completed, requiring rapid calculations and divided attention. The Word List Generation (WLG) test and the oral version of the Symbol Digit Modalities Test (SDMT) 13 were administered prior to the delayed recall testing.
The test 7/24 Spatial Recall and SDMT were not managed in three patients due to visual impairments.
Beck's Depression Inventory II (BDI-II) 14 was carried out as a depression measure.
Procedure
All patients underwent a complete neurological examination. The neurologist scored the EDSS and registered demographic and clinical data, such as age, education, and duration of the disease. NMO ones underwent brain magnetic resonance imaging (MRI) examination with and without contrast (sequences T1, T2, and FLAIR, performed in a 1.5-Tesla resonator according to the MS protocol of the consortium) 15 .
Statistical analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS), version 16.0 (IBM). Inferential calculations were performed using analysis of variance (ANOVA), Pearson' s r correlations, and logistic regression analysis. The level chosen for alpha was 0.05. Patients with two or more affected domains (verbal memory -SRT; visual memory -7/24 visual spatial; verbal fluency -controlled oral world association (COWA); attention -PASAT) were considered cognitively impaired. Scores in a cognitive domain below the fifth percentile of normal values 9 were considered abnormal.
RESULTS
No significant differences were found between the groups with respect to age (p=968) or education (p=553). Furthermore, the NMO and MS Groups did not differ in the EDSS (p=0.114) or disease duration (p=0.367). Data are shown in Table 1 .
Regarding the ANOVA, there was a major significant effect among the groups on SRT-CLTR (p=0.04), SRT delayed recall (p=0.048), PASAT-2 seconds (p=0.004), and COWA (p=0.043). Following a posteriori Tukey's tests, the NMO patients performed significantly worse than the controls in PASAT-2 (p=0.003). The MS Group had a worse performance than the controls on SRT-LTR (p=0.034), SRT delayed recall (p=0.048), and 7/24 Correct Answers Trails 1 to 5 (p=0.048). However, no differences were found between the NMO and MS Groups, which can be seen in Table 2 . When comparing the performance of NMO patients with local normative scores, it was found that 35.71% of them showed abnormal performance in verbal memory, 9.09% had some problem in visual memory, 64.28% had in attention, and 48.85% presented abnormal performance in verbal fluency. In the MS Group, 61.53% of the participants showed abnormal performance in verbal memory, 61.53% had problem in visual memory, 33.33% in attention, and 38.46% showed abnormal performance in verbal fluency.
Characteristic of the Neuromyelitis optica Group
Considering the amount of impaired tests (35.71%), the sum of these percentages exhibited no alteration (7.14%), had one impaired test (28.57%), had two impaired tests, and (28.57%), had three or more impaired tests.
Regarding association between MRI and the amount of impaired tests, five out of eight patients with a normal MRI and four out of six with lesions had at least one cognitive impaired test. Comparison of cognition among patients with and without lesions using MRI revealed a significant difference only in one test, namely SRT-CLTR (p=0.016), therefore patients without lesions (n=7) performed better than those with such thing. Concerning the levels of depression, eight subjects showed score within the normal range (Grade 1), while six revealed signs of depression; one showed mild depression (Grade 2), three presented moderate depression (Grade 3), whereas the remaining three had severe depression (Grade 4). The data are summarized in Table 3 .
Correlations between the neuropsychological measures and BDI-II and demographics variables are presented in Table 4 . BDI-II correlated significantly and negatively to PASAT-3 (r=-0.652, p<0.05) and PASAT-2 (r=-0.688, p<0.01). However, the BDI-II scores did not correlate significantly with EDSS or disease duration. Furthermore, scores on SRT delay recall and PASAT-3 test were significantly correlated to age and education. However, cognitive tests did not correlate to evolution disease and EDSS (data not shown). 
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DISCUSSION
NMO patients presented a significantly lower neuropsychological performance than healthy controls of similar age and education. Surprisingly, 57.14% of the NMO Group showed CI. Similarly, Blanc et al. 3 found 56.7% of CI in their sample and He et al. 5 also reported it. Regarding cognitive performance, the few descriptions found in the literature on patients with NMO accounted a pattern of subcortical cognitive impairment, characterized by reduced speed of information processing, changes in executive functions, attention, and memory. In this research, the NMO Group showed more dysfunction in attention and verbal fluency than in memory. Blanc et al. 3 described alteration of long-term memory and executive functions, while He et al. 5 found memory deficit and decreased speed of information processing and attention, after an acute relapse. This stage of the disease might not be the most appropriate for the evaluation of patients, because many factors involved in the pathogenesis of a relapse go beyond those involved in that of the disease itself.
Cognitive performance of NMO patients was found to be similar to that of MS ones coinciding with Blanc et al. 3 .
However, when compared with the published local norms, a higher proportion of MS patients showed visual memory impairment and a higher proportion of the NMO Group evidenced attention issues. Furthermore, CI in NMO patients could be considered surprising, since NMO is thought to be restricted to damage of optic nerves and spinal cord.
At the early stage of the disease, MRI brain lesions are almost inexistent, with a few exceptions of little subcortical white matter lesions. However, recent MRI and pathological anatomy findings suggest that tissue damage in NMO is more extensive and includes the compromise of other areas, such as brain stem, cerebellum, and cortex [16] [17] [18] . Although this study was not meant to examine the relationship between cognition and MRI findings, cognitive alterations were found both in patients with and without lesions in MRI. He et al. 5 reported evidence of microscopic brain lesions using diffusion tensor imaging, which could explain the presence of cognitive alterations in those without lesions in conventional MRI measures.
A high number of patients (6 out of 14) manifested signs of depression, ranging from mild to severe, coinciding with the findings of Chanson et al. 19 , who found influence of depression on the quality of life of patients with NMO. Moreover, He et al. 6 reported a significant correlation between cognition, depression, and routine activities in patients assessed after an acute relapse of the disease. Depression was related to attention measures, but not with physical disability or disease durations. The negative influence of depression in attentional functions has already been reported in MS 20 . In NMO, Blanc et al. 3 did not observe an association between cognition and depression.
Cognition is not associated with physical disability and disease duration, this is consistent with the findings of Blanc et al. 3 . The limitations of this study include the administration of neuropsychological test with a visual component and the lack of control of symptomatic pharmacological treatments. Studying a larger group of patients would be needed to improve the description of cognitive pattern, as well as the impact on patients' quality of life. In future, longitudinal research will shed light on the evolution of cognitive disorders and possible predictors of this symptom in NMO.
